The Women's Health Initiative (WHI) randomized trials of menopausal hormone therapy have provided insights that have dramatically changed clinical practice and led to reduced breast cancer incidence at a population level. In this issue of JAMA Oncology, Chlebowski et al 1 present a detailed analysis of the impact of estrogen plus progesterone (E + P) therapy or estrogen alone on breast cancer incidence during the intervention as well as early (first 2.75 years) and late (beyond 2.75 years) postintervention periods of the WHI trials. While a significant increase in invasive breast cancer risk occurred during the E + P intervention, Chlebowski et al report a "sharp decrease in breast cancer risk" in the early postintervention period for E + P, although risk, as defined by hazard ratios, remained higher than 1, followed by a sustained increased risk higher than 1 in the late postintervention period with a median additional follow-up of 5.5 years (Figures 1 and 3 in the article by Chlebowski et al 1 ). The decrease in risk during the early postintervention compared with the intervention period was postulated to reflect modulatory effects of a changed hormonal environment on preclinical breast cancer lesions. In contrast, the use of estrogen alone was associated with lower breast cancer risk during the intervention, an even lower risk during the early postintervention period with subsequent attenuation of this risk reduction during the late postintervention period. There were suggestions of different patterns of breast cancer subtypes and stage at presentation over time with E + P therapy vs estrogen alone, including a potential increased risk of progesterone receptor (PR)-negative or triple-negative cancers during the intervention and early postintervention period with E + P therapy. The contrast between effects of E + P therapy vs estrogen alone is striking-breast cancer risk is persistently elevated with E + P therapy, while risk is persistently decreased with estrogen alone therapy. Thus, an important message underlying the study is that the progesterone inclusion during a median hormone therapy intervention period of 5.6 years not only increases the breast cancer risk during intervention but results in a continued elevated risk for several years after stopping this regimen. Recent advances in understanding the biological basis of hormone effects on normal mammary epithelial cell populations and breast carcinogenesis shed light on this contrast and provide insight on how progesterone may exert its cancer-promoting effects (Figure) . In animal models, E + P therapy, but not estrogen alone, stimulates expansion of the number of mammary stem and progenitor cells, generating new, denser, and more complex mammary morphology that is also recapitulated during the natural progesterone surge of the mouse reproductive cycle.
sent a detailed analysis of the impact of estrogen plus progesterone (E + P) therapy or estrogen alone on breast cancer incidence during the intervention as well as early (first 2.75 years) and late (beyond 2.75 years) postintervention periods of the WHI trials. While a significant increase in invasive breast cancer risk occurred during the E + P intervention, Chlebowski et al report a "sharp decrease in breast cancer risk" in the early postintervention period for E + P, although risk, as defined by hazard ratios, remained higher than 1, followed by a sustained increased risk higher than 1 in the late postintervention period with a median additional follow-up of 5.5 years (Figures 1 and 3 in the article by Chlebowski et al 1 ) . The decrease in risk during the early postintervention compared with the intervention period was postulated to reflect modulatory effects of a changed hormonal environment on preclinical breast cancer lesions. In contrast, the use of estrogen alone was associated with lower breast cancer risk during the intervention, an even lower risk during the early postintervention period with subsequent attenuation of this risk reduction during the late postintervention period. There were suggestions of different patterns of breast cancer subtypes and stage at presentation over time with E + P therapy vs estrogen alone, including a potential increased risk of progesterone receptor (PR)-negative or triple-negative cancers during the intervention and early postintervention period with E + P therapy. The contrast between effects of E + P therapy vs estrogen alone is striking-breast cancer risk is persistently elevated with E + P therapy, while risk is persistently decreased with estrogen alone therapy. Thus, an important message underlying the study is that the progesterone inclusion during a median hormone therapy intervention period of 5.6 years not only increases the breast cancer risk during intervention but results in a continued elevated risk for several years after stopping this regimen. Recent advances in understanding the biological basis of hormone effects on normal mammary epithelial cell populations and breast carcinogenesis shed light on this contrast and provide insight on how progesterone may exert its cancer-promoting effects (Figure) . In animal models, E + P therapy, but not estrogen alone, stimulates expansion of the number of mammary stem and progenitor cells, generating new, denser, and more complex mammary morphology that is also recapitulated during the natural progesterone surge of the mouse reproductive cycle. 2, 3 Estrogen is instrumental for breast development during puberty, but its primary role during adult mammary growth cycles is to induce PR expression to facilitate progesterone's proliferative effects in this tissue. The human breast also exhibits increased complexity, density, and mitotic activity during the progesterone-high luteal phase of the menstrual cycle. 4 Indeed, mammogram diagnostic performance was hindered in the E + P WHI trial in the first years of intervention, likely owing to increased breast density with E + P therapy. 5 It is important to consider whether mammary stem and progenitor cells that trigger these morphological changes in the breast underlie the increased risk associated with E + P exposure. Breast cancer animal models incorporating medroxyprogesterone acetate, the same compound used in the WHI trials, have shown its potent capacity to promote mammary tumors through key mitogenic signals that stimulate the mammary epithelium. 6 Accumulating evidence suggests that mammary stem cells and progenitors are the likely "cells-oforigin" for different breast cancer subtypes, 7, 8 and thus research geared toward deciphering the fundamental biological processes of these cells provides important insight into their potential function in breast cancer development. Because mammary stem and progenitor cells are largely hormone receptor negative, the E + P-exposed mammary stem cell niche is thought to drive an increase in their cell number via a paracrine cross talk. Here, PR-positive cells can act as progesterone-sensing cells and deliver mitogenic signals to PR-negative stem/progenitor cells. 3, 9 This effect of progesterone on the expansion of hormone receptor-negative cells may explain how E + P therapy increases the risk of PR-negative and triple-negative breast cancers seen in the WHI trial reported by Chlebowski et al. 1 Hormone receptorpositive tumors observed could stem from a PR-positive cell or a PR-negative progenitor that subsequently acquires hormone receptor expression.
It is plausible that a sudden decline in progesterone levels within the stem cell niche would mitigate further development of early cancer lesions that are still dependent on progesterone, resulting in the decreased breast cancer risk during the early postintervention period. However, breast cancer risk still remained elevated (hazard ratio >1), and the cancers that may have formed during this early postintervention period were likely to have already progressed to an advanced preclinical stage prior to stopping treatment and thus no longer progesterone dependent. The persistent increase in breast cancer incidence seen during the late postintervention period could be attributed to a sustained clonal expansion in the stem and/or progenitor cells exposed to E + P during trial intervention, cumulatively acquiring somatic mutations or co-opted cellular mechanisms that favor their continued growth. Mammary stem cell pools may also be dictated by other factors in the niche. 10 Although not yet documented for the breast, a recent study proposes a strong correlation between the total number of stem cell divisions in adult tissues and their lifetime cancer risk. 11 Given that the breast is naturally hormone responsive and mammary stem cells expand in response to endogenous progesterone during the reproductive cycle, a greater number of stem cell divisions due to E + P exposure during hormone therapy may affect breast cancer risk reported during and after intervention.
Emerging detailed analyses from the WHI trials such as that reported by Chlebowski et al 1 reveal new compelling evidence for the significance of progesterone in breast cancer, where it has traditionally taken a backseat to estrogen. Progesterone inclusion during hormone therapy intervention leads to a persistent increase in breast cancer risk after intervention and leads to the development of hormone receptornegative tumors in addition to those that are hormone receptor positive. Although the WHI trials relate to the menopausal setting, lessons learned from them continue to provide additional value in appreciating a potential role of progesterone even in premenopausal breast cancer. Furthermore, investigation into the cellular and mechanistic underpinnings of progesterone's impact on the normal breast and breast cancer may provide new opportunities for knowledge translation and therapeutic intervention in breast cancer.
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